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An ELISA for an inhibitor of tissue-type plasminogen activator (t-PA) from Erythrina caffra Thunb. was 
developed using polyclonal antibodies. The optimal antibody concentration used to coat the wells was 
6 mg 1-1. Tween 20 in the incubation and washing buffers reduced the non-specific binding to the wells 
notably and was more effective than blocking with bovine serum albumin. Rinsing the plates three to six 
times had no significant effect on the efficiency of the assay. The optimum incubation period for the assay 
was 60 min. Large differences were found in the sensitivity of the assay with the use of different makes of 
microtiter plates. The t-PA inhibitor was detected in the leaves of 24 species belonging to the genus 
Erythrina. Large differences in the t-PA inhibitor levels were found between species but no correlation was 
found between the t-PA inhibitor content of the species and their taxonomical sections or their geographical 
distribution. The t-PA inhibitor was not found in members of other genera of the Leguminosae such as 
Glycine max (L.) Merrill, Pisum sativum L. and Phaseolus vulgaris L. 
'n Ensiemgekoppelde immunosorbenttoets (ELISA) is met poliklonale teenliggame ontwikkel vir 'n inhibeerder 
van weefselplasminogeenaktiveerder (t-PA) wat in Erythrina caffra Thunb. voorkom. Die optimale teen-
liggaamkonsentrasie vir die bedekking van die mikrotiterplaat was 6 mg 1-1 . Tween 20 in die inkuberings- en 
wasbuffers het die nie-spesifieke binding aansienlik verlaag en was meer doeltreffend as 'n blokkeringstap 
met beesserumalbumien. Die doeltreffendheid van die immunotoets is nie be·invloed deur die mikrotiterplate 
drie tot ses keer tussen die inkuberingstappe te was nie. Die optimale inkuberingsperiode vir die toets was 60 
min. Mikrotiterplate van verskillende vervaardigers het 'n aansienlike invloed op die sensitiwiteit van die toets 
gehad. Die t-PA-inhibeerder is in die blare van 24 Erythrina spesies wat getoets is, gevind. Groot verskille in 
die t-PA-inhibeerdervlakke is tussen die spesies gevind, maar geen korrelasie is gevind tussen die t-PA-
inhibeerdervlakke van die spesies en hul taksonomiese seksies of hul geografiese verspreiding nie. Die t-PA-
inhibeerder is nie in verteenwoordigers van ander genera van die Leguminosae, soos Glycine max (L.) 
Merrill, Pisum sativum L. en Phaseolus vulgaris L., gevind nie. 
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Introduction 
Proteinaceous inhibitors of proteinases occur widely in 
plants and have been isolated from various members of the 
Leguminosae family. The proteinase inhibitors of the Faba-
ceae (Leguminosae) are mainly inhibitors of trypsin and 
chymotrypsin (Weder, 1981). A proteinaceous inhibitor of 
human tissue-type plasminogen activator (t-PA) which also 
inhibits trypsin and chymotrypsin, was isolated from the 
seeds of Erythrina latissirna E. Mey (Leguminosae) (Joubert 
et al. 1981; Heussen et al. 1984) and five other members of 
the genus Erythrina (Joubert et al. 1987). ELISA is a well-
established quantification technique in medical science and 
during the last ten years it has found extensive application in 
the plant sciences for the detection of viruses and the quanti-
fication of primary and secondary metabolites (Brenner 
1981; Clark 1981; Weiler 1983, 1984). ELISA is precise, 
rapid and specific. It is especially useful in the quantifica-
tion of specific proteins which can otherwise only be meas-
ured after extensive purification and separation following 
chromatographical procedures. With the use of highly selec-
tive antibodies, minimal purification is required before 
quantification by ELISA is attempted and simple extraction 
of the antigen is frequently sufficient. In addition, ELISA can 
be very sensitive and we demonstrate here that concentra-
tions at the microgram-per-liter level of t-PA inhibitor may 
be accurately measured in crude plant extracts. The useful-
ness of the ELISA technique was examined by determining 
the occurrence of the inhibitor in the genus Erythrina and 
other members of the Leguminosae. 
Materials and Methods 
Pure samples of t-PA inhibitor were obtained from Tech-
nifin (Sandton, RSA). All chemicals used were analytical 
grade. 
Extraction of t-PA inhibitor 
Fully expanded leaves of members of the genus Erythrina 
were collected from the Durban area. Directly after collec-
tion the leaves were weighed and 100-g samples were 
homogenized in 200 ml cold acetone. Chlorophyll was 
extracted from the homogenate by repeated washing with 
cold acetone using vacuum filtration. The residue was dried 
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by vacuum filtration with 3 X 100 ml ethyl ether and left 
overnight at room temperature. 
Cotyledons were removed from mature seeds of E. caffra 
Thunb., Glycine max (L.) Merrill, Phaseolus vulgaris L. and 
Pisum sativum L. Cotyledons were defatted and protein 
extracted from homogenized plant material according to a 
modification of the method of Joubert (1982). This was 
accomplished by overnight extraction at 10°C of 1 g 
acetone-dried material using 10 ml of 0.1 M Tris-HCI-O.5 
M NaCl buffer, pH 8 containing 5 mM 2-mercaptoethanol. 
The extracts were filtered through four layers of muslin 
cloth. The filtrate was centrifuged at 10 000 X g. for 5 min 
at 10°C and the supernatant was used in ELISA. 
Total protein was determined according to the dye-
binding assay of Read and Northcote (1981). 
Preparation of antibodies against t-PA inhibitor 
Purified t-PA inhibitor was dissolved at 3 g 1-1 in physiol-
ogical saline. The emulsion for the initial immunization was 
prepared by mixing Freund's complete adjuvant with anti-
gen (2% v:v) in a Luer-lock syringe. One millilitre emulsion 
containing 1 mg antigen was injected intradermally at ten 
sites on the backs of each of five rabbits. After a rest period 
of 30 days, each rabbit was given a booster injection con-
taining 0.5 mg antigen emulsified with Freund's incomplete 
adjuvant, intradermally at ten sites. The rabbits were bled 14 
days after the booster injection. Serum was separated and 
the immunoglobulins partially purified according to the 
method used by Dunbar (1987). 
Enzyme conjugation 
The conjugation of horse radish peroxidase (HRP; EC 
1.11.1.7; Seravac; RZ E403/E275 = 3.2 - 3.3) with anti-
bodies to t-PA inhibitor was done according to Wilson and 
Nakane (1978). The reaction mixture contained 6 mg HRP 
and 25.6 mg antibody in 2.6 ml of 0.2 M sodium carbonate 
buffer, pH 9.6. 
Immunoassay 
A sandwich ELISA was developed for the quantification of 
the t-PA inhibitor. Standard immunoassays were conducted 
on Nunc plates. An antibody preparation against t-PA 
inhibitor was made up to a concentration of 6 mg rl in 50 
mM sodium carbonate buffer, pH 9.6. The wells were 
coated with 0.1 ml of coating solution per well as indicated 
later. Plates were incubated overnight at WOC or at 37°C 
for 2 h in a moist closed container. The plates were then 
washed five times with washing buffer which was the same 
as the incubation buffer. The washing and incubation buffer 
(PH 7.4) contained 50 mM Tris-HCl, 100 mM MgC12, 100 
mM NaCI and 0.05% (v/v) Tween 20. The plates were tap-
ped dry on paper towelling. A volume of 0.1 mVwell of 
samples with unkown quantities of t-PA inhibitor and a 
serial dilution of standards (0.0025 - 0.6 mg rl) in incuba-
tion buffer was pipelted into four replicate wells. Thereafter 
the plates were incubated for 1 h at 37°C. The plates were 
washed and dried as described before. A volume of 0.1 ml 
HRP-labelled antibodies in incubation buffer was pipetted 
into each well. After the plates had been incubated for 1 h at 
37°C they were washed and dried as described before. 
Chromogenic substrate consisted of o-phenylene-diamine 
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and H20 2 and was prepared according to the method used 
by Els et al. (1984). A volume of 0.1 ml chromogenic sub-
strate was added to each well. After an incubation period of 
30 min at 25°C the enzyme reaction was stopped by adding 
0.1 ml of 0.75 N H2S04 into each well. The optical density 
of the developed colour was measured at a wavelength of 
492 nm with a Titertek Multiskan spectrophotometer. Calcu-
lation of the standard curve was done with a logit trans-
formation. With the experiments all assays were conducted 
as described for the standard technique unless otherwise 
stated. 
Coating of the wells 
One plate was coated (0.1 ml weU-l ) with coating buffer 
only. Seven plates were coated with a serial dilution of 
0.025 - 16 mg 1-1 t-PA inhibitor antibodies in coating buffer 
respectively. Plates were incubated overnight at 37°C for 
2 h. With all the experiments a concentration of 0.02 mg 1-1 
t-PA inhibitor was used in the ELISA unless otherwise 
described. 
The effect of blocking on the ELISA 
Microtiter plates were blocked with albumin after they had 
been coated with antibodies to t-PA inhibitor. A concentra-
tion of 1% (w/v) rabbit, chicken, goat, bovine and human 
serum albumin was dissolved in incubation buffer without 
Tween 20. For each type of albumin, 0.1 ml of albumin so-
lution was pipetted into each of eight wells. The experiment 
was repeated three times. A control treatment consisted of 
incubation buffer without Tween 20. The plates were incu-
bated for 30 min at 3rC and then washed and dried as 
described for the standard assay. 
In the next experiment the plates were blocked with 1, 2, 
3 and 4% (w/v) bovine serum albumin (BSA) dissolved in 
incubation buffer without Tween 20. The control consisted 
of incubation buffer without Tween 20. The effect of Tween 
20 and BSA on non-specific binding was determined by 
blocking the plates with 1 % BSA containing 0.05% (v/v) 
Tween 20 in incubation buffer. Thereafter the plates were 
washed with washing buffer without and with 0.05% (v/v) 
Tween 20 respectively. The control was incubated and 
washed with buffer without Tween 20. 
The effect of the number of rinses on the ELISA 
After each incubation step the plates were rinsed five to 
eight times respectively with washing buffer and dried as 
described above. The plates were rinsed manually by squirt-
ing buffer into each well. Each treatment was replicated 32 
times in single wells on a microtiter plate. The experiment 
was repeated three times. 
The effect of incubation period 
The wells were coated as was described for the standard 
ELISA technique. The incubation times for the antigen and 
HRP antibody conjugate steps were 30, 60, 90 and 120 min 
for each treatment, respectively. Thirty-two single-well 
replicates were used per incubation period. The experiment 
was repeated twice. 
The effect of the microtiter plate on the ELISA 
The standard ELISA was conducted with Nunc, Greiner, 
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Sterilin and Linbro microtiter plates. Sixteen single-well 
replicates were used per plate. The experiment was repeated 
twice. 
Cross-reactivity 
An ELISA was conducted with a dilution series of 
cotyledonary, leaf and callus tissue extracts from E. caffra 
to determine the extent of parallelism with the standard 
curve. Chlorophyll, lipids and protein were extracted from 
leaf and cotyledonary material as described above. Antigen 
standards (0.0025 - 0.06 mg rl) and serial dilutions of the 
cotyledonary, leaf and callus tissue extracts with final t-PA 
inhibitor levels within this concentration range were used in 
the assay. The experiment was repeated twice with 24 
single-well replications per treatment. The experimental data 
were statistically analysed (Steel & Torrie 1960). 
Results 
Coating of the wells 
A gradual increase in absorbance was found with an 
increase from 0.25 - 4 mg I-I in the concentration of the 
antibody coating solution, which levelled off at 4 mg I-I 
(Figure 1). In subsequent assays the wells were coated with 
antibody coating solution at 6 mg rl to minimize the effect 
of differences in the binding capacity of microtiter plates. 
Blocking of the plates 
Chicken, goat and human serum albumin were not effective 
blocking agents at 1 %. BSA at concentrations of 1 - 4% had 
a maximum blocking efficiency of 13.2% and was therefore 
also not a good blocking agent. The inclusion of 0.05% 
Tween 20 in the washing and incubation buffers was highly 
effective with a blocking efficiency of 224.7%. Hence, the 
blocking step was omitted from the ELISA and 0.05% Tween 
20 was used in the washing and incubation buffers to reduce 
non-specific binding. 
Rinsing intensity of the plates 
No substantial differences were found in the sensitivity of 
the assay when plates were rinsed five to eight times man-
ually after each incubation step. Rinsing the plates only 
three times was effective in preventing cross-contamination 
(results not shown). 
The optimum incubation period for the ELISA 
A notably lower absorbance value was found with a 30-min 
incubation period than with longer periods. No substantial 
differences were found in the absorbance values with incu-
bation periods from 60 to 120 min. A 60-min incubation 
period was subsequently used in the ELISA. 
The effect of different microtiter plates 
The brand of the microtiter plate used had a significant 
effect on the sensitivity of the assay. Substantially higher 
absorbance values were obtained with Nunc plates than with 
plates obtained from other sources (Figure 2). 
Reproducibility and sensitivity of the ELISA 
The reproducibility of the ELISA was determined by 
conducting ten assays at different times with standard 
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Figure 1 The effect of antibody concentration on the coating 
efficiency of the micro titer plate used for the ELISA of top A 
inhibitor. 
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Figure 2 The effect of the brand of the microtiter plate on the 
sensitivity of the ELISA for t-PA inhibitor. 
antigen concentrations. A response curve with the standard 
errors was calculated at a 95% level of significance. From 
Figure 3 it is clear that comparable results can be obtained 
between assays and that the ELISA can detect t-PA inhibitor 
at low concentrations. With a coefficient of variation of less 
than 10% the assay is considered to be highly reproducible. 
Cross-reactivity 
Plots of the titration curve of standards and extracts from 
cotyledon and leaf tissue show a low degree of cross-reacti-
vity in the assay (Figure 4). A higher degree of cross-
reactivity was associated with the cotyledonary material 
than with leaf material. The cause of the cross-reactivity is 
not known. Preliminary experiments indicated that the cross-
reaction is not caused by trypsin or chymotrypsin inhibitors 
associated with the t-PA inhibitor. Cross-reactivity is un-
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desirable since it results in an overestimation of the t-PA 
inhibitor levels in the plant. 
t-PA inhibitor in members of the genus Erythrina 
The t-PA inhibitor was detected in all the species of Ery-
thrina investigated, irrespective of their taxonomical differ-
ences and geographical distribution (fable 1). The species 
were arranged according to their t-PA inhibitor content and 
the protein content. The t-PA inhibitor content of the species 
fluctuated from relatively high levels of 16.7 J.1g g-l dry 
mass to values as low as 0.5 J.1g g-l dry mass. However, a 
similar fluctuation in the protein content was not observed 
(Figure 5). Apart from the observation that most of the 
plants with the highest inhibitor content were African 
species, no correlation was found between the quantity of 
t-PA inhibitor and the taxonomic classification or geo-
graphical distribution of the species. The t-PA inhibitor was 
not detected in seed extracts of Glycine max, Pisum sativum 
and Phaseolus vulgaris. 
Discussion 
We report here on the development of a sandwich ELISA for 
the quantification of an inhibitor of t-PA. The enzyme con-
jugate used was remarkably stable and no loss in activity 
was observed over a period of 6 months when stored at 4 or 
-20°e. 
The efficiency of coating the microtiter wells depended 
mainly on the concentration of the antibody used (Conradie 
et al. 1983). Low antibody concentrations brought about 
incomplete coating which was reflected by undesirably high 
background colour. This can result in undesirably high non-
specific binding reactions. The use of excessively high anti-
body concentrations to coat the solid phase can result in the 
prozone effect in which the non-specific background inten-
sifies and the antigen-specific reactions diminish (Clark 
1981). This effect was not obtained in the ELISA for t-PA 
inhibitor for coating concentrations of up to 16 mg rl. 
Effective blocking of microtiter plates cannot be achieved 
with all ELISAS (Clark & Adams 1977; Dano & Reich 
1979). The use of polyclonal rather than monoclonal 
antibodies was reported to result in more complete coating 
of the solid phase and the omission of the blocking step 
(Eberle et al. 1986). This suggests that more effective 
coating is obtained with the polyclonal antibodies which 
reduces the number of non-specific binding sites on the 
plate. 
The incubation period of an ELISA is critical since too 
long incubation periods can lead to the desorption of the 
coating protein and a subsequent increase in non-specific 
binding. A too short incubation period can result in uneven 
heat distribution over the plate which will result in a 
decrease in the absorbance values of the cooler wells (Clark 
& Adams 1977) and an increase in the variation of results 
between replicate wells within a plate. No significant 
differences were observed in the variation between different 
incubation periods with the ELISA for t-PA inhibitor. 
However, the sensitivity of the assay was decreased with an 
incubation period shorter than 60 min. 
The simplest technique to show the extent of cross-reacti-
vity in immunoassays is to perform a dilution series of 
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Figure 3 The reproducibility of the ELISA for t-PA inhibitor cal-
culated from the mean values of ten assays. 
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Figure 4 The extent of cross-reactivity in the ELISA for t-PA 
inhibitor determined by a parallelism test. Protein extracts of leaf, 
callus and cotyledonary tissue from E. caffra were used in the 
assay. 
extracts to determine the extent of parallelism to the 
standard curve (Wang et al. 1986). This should be reduced 
as much as possible since interference causes additive 
effects which lead to positively biased estimations of the 
antigen. The low degree of cross-reactivity in the ELISA with 
E. caffra leaves and callus was not of major concern since 
parallelism was obtained over a workable concentration 
range. The cross-reactivity observed with the cotyledonary 
material was probably caused by isoinhibitors of t-PA. It 
was reported that trypsin isoinhibitors were present in the 
seeds of soybean during imbibition and germination (Tan-
Wilson & Wilson 1982). Although it has not been establish-
ed whether t-PA isoinhibitors are present in the seeds of E. 
caffra, such isoinhibitors could be a cause of cross-
reactivity. The trypsin and chymotrypsin inhibitors in the 
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Table 1 Inhibitorof t-PA in leaf material of members of the genus Erythrina 
ILg t-PA inhibitor 
Identi- per gram 
fication Taxonomic Geographical 
nwnber section Species distribution' DM Protein 
Cristae-galli E. crisla·galli L. S. Am. 0.8 4.1 
2 Cristae-galli E. falcala Benth. S. Am. 0.7 10.8 
3 Micropteryx E. dominguezii Hass. S. Am. 0.5 4.7 
4 Micropteryx E. poeppigiana Cook S. Am. 2.9 19.7 
5 Erythrina E. flabelliformis Ker. e. Am. 3.2 26.4 
6 Erythrina E. amEricana Mill. e. Am. 4.7 32.5 
7 Erythrina E. lanceolala Stand. e. Am. 0.7 9.0 
8 Erythrina E. berleroana Urban. S. Am. 1.9 13 .7 
9 Erythrina E. corallo ides M.& S. Mexico 2.1 15.8 
10 Corallodendra E. pallida Britt. S. Am. 2.0 14.9 
11 Caffrae E. lysislemon Hutch. T. Afr. 1.9 19.3 
12 Caffrae E. caffra Thunb. T. Afr. 10.9 85.8 
13 Hwneanae E. zeyheri Harv. T. Afr. 2.6 20.4 
14 Hwneanae E. humeana Spreng. S. Afr. 15.3 121.0 
15 Macrocymbium E. senegalensis DC. T. Afr. 16.7 102.6 
16 Chirocalyx E. livingsloniana Bak. T. Afr. 3.6 22.5 
17 Chirocalyx E. abyssinica Lam. T. Afr. 0.8 7.0 
18 Chirocalyx E. decora Harms T. Afr. 4.1 37.7 
19 Chirocalyx E. sigmoidea Pobeguin T. Afr. 1.9 19.5 
20 Chirocalyx E. lalissima E. Meyer T. Afr. 3.5 38.8 
21 Erythraster E. perrieri Vieg. T. Afr. 2.0 15.8 
22 Erythraster E. burana Chiov. T. Afr. 0.8 5.5 
23 Erythraster E. burtt ii Baker T. Afr. 0.9 25.4 
24 Erythraster E. melanacanlha Taub. T. Afr. 3.8 22.5 
• S. Am., South America; C. Am., Central America; T. Afr., Tropical Africa; S. Afr., Southern Africa. 
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Different brands of plates do not absorb the coating pro-
tein to the same extent. The efficiency of coating is deter-
mined to a large extent by the plate and is one of the major 
obstacles in the development of an ELISA (Clark 1981). The 
difference in the binding capacity of microtiter plates was 
reported for bee venom phospholipase A2. The highest bind-
ing was obtained on Nunc plates (Conradie et at. 1983). The 
brand of the microtiter plate clearly affected the sensitivity 
of the ELISA for t-PA inhibitor and only Nunc plates were 
used in our assays. 
Figure 5 The t-PA inhibitor and protein content of leaf tissue of 
species in the genus Erythrina calculated as a unit OM. 
The t-PA inhibitors isolated from members of the genus 
Erythrina also inhibit trypsin and chymotrypsin but to a 
lesser degree. The t-PA inhibitor from E. tatissima was 
initially identified as a Kunitz-type trypsin inhibitor with 
two disulphide bonds and a molecular weight of 18 000 
(Joubert et at. 1981). Although the t-PA inhibitors from 
different species of Erythrina do not inhibit t-PA, trypsin 
and chymotrypsin to the same extent, they have with the 
exception of a few minor differences, similar amounts of the 
same amino acids and a large degree of homology in the 
amino acid sequences (Joubert & Dowdle 1987; Joubert et 
at. 1987). seeds of E. caffra (Joubert et at. 1987) did not cross-react 
with the antibodies to t-PA (Heussen 1990, personal 
commun.). The large degree of cross-reactivity which was 
observed with cotyledonary extractions restricted the 
working range of the standard curve for cotyledonary mater-
ial to between 0.0025 and 0.01 mg 1-1. The presence of in-
terference in this assay was accounted for by reference to a 
standard curve. Interfering substances can also be removed 
by purification. However, much of the advantages of im-
The inhibitors of t-PA are present in all the members of 
the genus Erythrina investigated. The species used represent 
22% of the total number of species in the genus (Krukoff 
1982). However, the t-PA inhibitor was not detected with 
the ELISA in the seeds of members of three other genera of 
the legume family . Reports on the inability of lima bean and 
soybean trypsin inhibitors to inhibit the enzyme activity of 
t-PA (Dano & Reich 1979; Zimmerman et at. 1978) support 
22 
the view that inhibitors of t-PA are probably only present in 
members of the genus Erythrina. 
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